Pulmonary arterial pressure-flow relation was studied in 142 patients with atrial septal defect (ASD) and was compared with that of 139 patients with ventricular septal defect (VSD) and 54 patients with patent ductus arteriosus (PDA).
Tohoku J. exp. Med., 1977, 122 (4), 375-381 -Pulmonary arterial pressure-flow relation was studied in 142 patients with atrial septal defect (ASD) and was compared with that of 139 patients with ventricular septal defect (VSD) and 54 patients with patent ductus arteriosus (PDA).
The incidence of pulmonary arterial mean pressure (PAm) over 25 mmHg was 21% in ASD, 36% in VSD and 43% in PDA, and that over 40 mmHg was 3%, 23% and 19%, respectively. Large left to right shunt over 50% was found more frequently in ASD (58%) than in VSD (22%) and PDA (30%).
When patients were separated into 2 groups at a PAm of 40 mmHg, lower pressure group showed a positive correlation between PAm and left-to-right shunt in each disease, although the correlation was poor in ASD (r=0.23) as com pared with VSD (r=0.49) and PDA (r=0.47).
The slope of the regression line was less steep in ASD (0.08) than in VSD (0.17) and PDA (0.14). It is considered that pulmonary hypertension in ASD develops on the basis of pulmonary vascular changes caused by prolonged hyperkinetic circulation.
atrial septal defect; left-to-right shunt; pulmonary hypertension; pressure-flow diagram; congenital heart disease It has been known that the occurrence of severe pulmonary hypertension is less frequent in ASD than in VSD and PDA (Swan et al. 1954a; Wood 1958) . Recently, much attention has been directed to ASD in elderly patients, and beneficial effects of surgical closure of the defect have been discussed in the presence of pulmonary hypertension to prevent the progressive increase in pul monary vascular resistance in some cases (Saksena and Aldridge 1970; Dave et al. 1973) . It is therefore important to clarify the mechanism under which severe pulmonary hypertension develops in ASD. This study was undertaken to examine the relation between pulmonary arterial pressure and pulmonary blood flow in a large number of ASD patients and to compare the results with those obtained in VSD and PDA. 
SUBJECTS AND METHODS

RESULTS
Incidence of pulmonary hypertension is shown as compared with that of VSD and PDA in Table 1 . ASD developed pulmonary hypertension less frequently than VSD and PDA did in each level of pulmonary pressure. Mean pulmonary arterial pressure (PAm) exceeding 25 mmHg was 21% in ASD, 36% in VSD and 43% in PDA, and that over 40 mmHg was 3%, 23% and 19%, respectively. The development of severe pulmonary hypertension was frequently found with advancing age in ASD, while it was not related to patients' age in VSD and PDA .
Large left-to-right shunt over 50% was observed more commonly in ASD (58%) than in VSD (22%) and PDA (30%) as shown in Table 2 . When the patients were separated into 2 groups by PAm of 40 mmHg, the lower pressure group showed positive correlation between the pressure and left-to-right shunt in each disease, while the higher pressure group had apparently inverse correlation. However, reversed shunt occurred at the same rate (17%) in ASD and VSD, and less frequently in PDA (7%). As shown in Figs. 1, 2 and 3 , the occurrence of reversed shunt in ASD, indicated by closed dots, was independent of pulmonary pressure level , while it occurred in association with pulmonary hypertension in VSD and PDA . Thus, the pressure-flow diagram of ASD showed sporadic occurrence of severe pulmonary hypertension and there was no continuous distribution connecting the higher and lower pressure groups, while that of VSD and PDA showed successive transition . In patients with PAm less than 40 mmHg , the correlation coefficient between the indicated that the slope of VSD was significantly steeper than that of ASD (p< 0.05). 
DISCUSSION
The present study confirmed that the incidence of pulmonary hypertension in ASD was considerably lower than in VSD and PDA. With PAm of less than 40 mmHg, the correlation between PAm and left-to-right shunt was poor in ASD as compared with VSD and PDA, and the slope of the regression line was less steep in ASD than in VSD and PDA. These would be ascribed to the facts that high systolic pressure of systemic circulation affects directly the pulmonary vascular bed in VSD (Swan et al. 1954a ) and PDA (Rudolph et al. 1964; Berlind et al. 1967; Tikoff et al. 1969) , while the pulmonary vasculature is not exposed to high systemic pressure in ASD.
With PAm of greater than 40 mmHg, the negative correlation was observed in VSD and PDA, representing the reciprocal relationship of the pulmonary blood flow and the vascular resistance (Rudolph and Nadas 1962; Tikoff et al. 1967 ). These patients frequently accompanied right-to-left shunt (reversed shunt). On the other hand, the pressure-flow diagram of ASD differed from that of VSD and PDA, because of the less frequent occurrence of severe pulmonary hypertension and the presence of reversed shunt with relatively low pulmonary arterial pressures. The latter has been attributed to the turbulence of blood in the right atrium and to the difference in instantaneous pressure between both atrial chambers (Swan et al. 1954b) .
In this study, left-to-right shunt was used as an index of the pulmonary blood flow. The former is easily obtained from the single earpiece dye dilution curve as reported previously (Nakamura et al. 1967 ). Since the resting systemic blood flow remains commonly normal in patients with left-to-right shunt (Swan et al. 1954a; Flamm et al. 1969) , the shunt ratio would represent the total pulmonary blood flow. Large left-to-right shunt was usually associated with ASD (Table 2) , It has been advocated that an increased pulmonary blood flow per se may produce some anatomical changes in vascular structures due to its high velocity (Fry 1968) , which can result in obstructive lesions of the pulmonary vessels. This assumption has been supported by studies with autopsied specimens (Edwards 1957; Wagen voort et al. 1967) . It is noted that the majority of patients with ASD have progressively disabling symptoms and experience complications such as pulmonary hypertension, atrial fibrillation and congestive heart failure with advancing age (Campbell et al. 1957; Novack et al. 1963; Markman et al. 1965; Dave et al. 1973 ).
The pathogenesis of pulmonary hypertension in ASD is not well understood. There have been several theories; obstructive vascular disease due to hyperkinetic state, congenital disorder of the pulmonary vascular bed, stagnant thrombosis and thrombosis secondary to repeated infections (Besterman 1961). As described above, ASD with PAm of less than 40 mmHg showed, although poor, a positive correlation between PAm and left-to-right shunt. The development of severe pulmonary hypertension is found frequently in older patients and the symptom appears gradually and is aggravated progressively. Craig and Selzer (1968) also pointed out that severe pulmonary hypertension in ASD was not due to a congenital disorder of the pulmonary vasculature in view of its late appearance and rapidly progressive nature. There was no patient with episode of pulmonary embolism or with abnormal lung shadow related to pulmonary infection. From these standpoints, the elevation of the pulmonary arterial pressure in the minority of patients with ASD may indicate the pulmonary vascular changes caused by prolonged hyperkinetic pulmonary circulation.
